INTRODUCTION
Patchouli Pogostemon. cablin Blanco Benth. is tropical plant and grown in countries including Indonesia and Malaysia. Patchouli leaves are used as an incense material and for their essential oil because of their characteristic odor. The characteristic odor of patchouli leaves is created during the drying process 1, 2 , and thus the drying process should affect the odor of patchouli leaves. As far as we know, the effect of the drying process has not been reported. We investigated the odors of fresh and dried patchouli leaves and their constituents to clarify the aroma profile of patchouli leaves. In addition, we studied the difference in the odors of dried patchouli leaves and patchouli essential oil, which was obtained from steam distillation of dried patchouli leaves, because the odor of the essential oil is clearly different from that of the dried patchouli leaves. We obtained two hexane extracts from fresh and dried patchouli leaves and one essential oil by the steam distillation of dried patchouli leaves Fig. 1 . The odors of the two hexane extracts were similar to those of the original materials. We investigated the aroma profile of patchouli by using the two hexane extracts and essential oil. The odors of these oils were clearly different, and we focused on these differences, which arose from differences in their constituents. These experiments provided important information about the aroma profile of patchouli. We studied the difference in these constituents by investigating their presence or absence or their relative amounts, as described in our previous studies of the aroma profiles of star anise 3 and galangal 4 .
MATERIALS AND METHODS

Plant materials
Fresh and dried patchouli leaves were obtained from Institut Teknologi Sepuluh Nopember, Indonesia. Voucher specimen have been deposited at Institut Teknologi Abstract: Patchouli is used as an incense material and essential oil. The characteristic odor of patchouli leaves results from the drying process used in their production; however, there have to date been no reports on the changes in the odor of patchouli leaves during the drying process. We investigated the aroma profile of dried patchouli leaves using the hexane extracts of fresh and dried patchouli leaves. We focused on the presence or absence of the constituents of the fresh and dried extracts, and the differences in the content of the common constituents. Fourteen constituents were identified as characteristic of dried patchouli extract odor by gas chromatography-olfactometry analysis. The structures of seven of the 14 constituents were determined by gas chromatography-mass spectrometry (α-patchoulene, seychellene, humulene, α-bulnesene, isoaromadendrene epoxide, caryophyllene oxide, and patchouli alcohol). The aroma profile of the essential oil obtained from the dried patchouli leaves was clearly different from that of dried patchouli. The aroma profile of the essential oil was investigated by a similar method. We identified 12 compounds as important odor constituents. The structures of nine of the 12 constituents were determined by gas chromatographymass spectrometry (cis-thujopsene, caryophyllene, α-guaiene, α-patchoulene, seychellene, α-bulnesene, isoaromadendrene epoxide, patchouli alcohol, and corymbolone). Comparing the odors and constituents demonstrated that the aroma profile of patchouli depends on the manufacturing process.
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Sepuluh Nopember. Dried patchouli leaves were obtained by drying fresh patchouli leaves for two weeks at room temperature. The leaves were not exposed to sunlight during the drying process.
Extraction method 2.2.1 Hexane extraction of fresh and dried patchouli leaves
Fresh patchouli leaves 100 g were mixed with hexane 500 mL . The obtained solution was stirred for 1 day at room temperature. Removal of the solvent by rotary evaporation at room temperature afforded a viscous oil 0.54 g; extractability, 0.54 . The hexane extract of dried patchouli leaves was obtained from 28 g of material by the same method 0.78 g; extractability, 2.79 .
Steam distillation of dried patchouli leaves
Steam distillation of dried patchouli leaves 28 g gave an aqueous solution of the odor constituents, which was extracted with hexane. The extract was dried over anhydrous magnesium sulfate, and the solvent was removed by rotary evaporation to afford a brown oil 1.35 g; extractability, 4.82 .
2.3 Analysis of patchouli constituents by gas chromatography-olfactometry Gas chromatography-olfactometry GC-O analysis was performed on a GC system GC-353, GL Sciences Inc., Tokyo, Japan equipped with a flame ionization detector FID , a sniffing port, a column injector, a polar capillary column InertCap Pure-WAX, 0.25 mm I.D. 30 m, film thickness: 0.25 μm, GL Sciences Inc. and an olfactory port OP 275, GL Sciences Inc. . The carrier gas was helium at a flow rate of 1 mL/min. The injections were performed in splitless mode at 250 . The oil 1 μL was dissolved in chloroform and injected. The GC oven temperature was increased from 40 to 250 at a rate of 4 /min with initial and final hold times of 5 and 30 min, respectively. The FID and sniffing port were maintained at a temperature of 250 . We analyzed two patchouli extracts and the six fractions obtained from the hexane extracts and patchouli essential oil.
2.4 Analysis of patchouli constituents by gas chromatography-mass spectrometry Gas chromatography-mass spectrometry GC-MS was performed on a GC-MS system SQ 456-GC/MS, SCION, Livingston, UK Bruker Daltonics Inc., Billerica, MA by using electron impact ionization. The other conditions were the same as for GC-O analysis. The structure identification of the constituents was carried out by using the National Institute of Standards and Technology GC-MS database and retention index.
Sensory evaluation
The similarities and differences in the odor characteristics of the hexane extracts and essential oil were evaluated. Sensory evaluation was performed by a non-expert panel consisting of untrained participants in two laboratories Japan and Indonesia . 
RESULTS AND DISCUSSION
Evaluation of odor of dried patchouli leaves
The hexane extract of fresh patchouli leaves had a different odor from that of dried leaves. The GC-O analysis results showed no clear difference in the constituents and the percentage of the common constituents, even though the difference in the odors indicated that their constituents were different. This contradiction indicates that low content of constituents, which could not be detected by GC-O, FID detector , affects the odor character.
Although it is important to evaluate the minor components, the differences in the minor constituents in the extracts were difficult to observe because of the high percentage of patchouli alcohol 2 40
. We encountered the same problem during investigating the odor of sandalwood 5 , and solved it by using bulb-to-bulb distillation. We applied the same approach to investigating the aroma profile of patchouli. Eight fractions were obtained from fresh F-1, F-2, F-3, and residue and dried patchouli leaves D-1, D-2, D-3, and residue Fig. 2 . The odor of F-2 was similar to that of the hexane extract of the fresh leaves. The odors of D-2 and D-3 were similar to that of the dried leaves hexane extract. We investigated the difference in the odors and the constituents by using three fractions F-2, D-2, and D-3 . The odor of D-2 was slightly different from that of D-3. We performed two comparisons F-2 vs D-2 and F-2 vs D-3 to obtain detailed information about the important odor constituents of patchouli.
Using the data in Table 1 , we compared the constituents of fractions F-2 and D-2 and of fractions F-2 and D-3. Two constituents were contained only in F-2 F-2 vs D-2 and three constituents were contained only in D-3 F-2 vs D-3 . Next, we measured the relative amounts of the common constituents of F-2, D-2, and D-3. The ratio of isoaromadendrene epoxide 5 was large 6:1:1.07 . However, the difference in the amount of patchouli alcohol was high F-2: 43.49 , D-2: 40.26 , and D-3: 80.78 , although its ratio was small 1.08:1:2.01 . To overcome this problem, we evaluated the relative amounts of the constituents by using the difference and the ratio. Eleven constituents differences of six constituents and ratios of five constituents were identified as important odor constituents by comparing the constituents of F-2 and D-2 Table 2 . Similarly, Table 3 indicates that 19 constituents differences of 10 constituents and ratios of nine constituents were important odor constituents. Each of the 11 constituents obtained from Tables 2 F-2 vs D-2 and 3 F-2 vs D-3 were common Fig. 3 . The 11 constituents were important odor constituents for dried patchouli leaves Table 4 . Finally, we identified 14 constituents 11 common constituents Fig. 3 and three other constituents in fraction D-3 that were the most important for the odor of the dried patchouli leaves. Seven of the 14 constituents were determined by GC-MS Fig. 4 . The reason for the difference of the odor constituents between fresh and dried leaves was not clear. We suggest that enzymes may cause the change in odor because the constituents of the extracts obtained from the fresh and dried leaves did not change during the fractional distillation with heating.
3.2 Differences of the odors of dried patchouli leaves and essential oil We investigated the effect of the distillation process on the odor by using the same method. Characteristic constituents of the odor of patchouli essential oil were identified as nine constituents 1, 2, 3, 4, 5, 10, 11, X2, and X3 and three other constituents 8, 9, and X1 Table 5 . Nine of the 12 constituents were determined by GC-MS Fig. 4 .
We investigated the thermal stabilities of the hexane ex- Fig. 2 Bulb-to-bulb distillation of the hexane extracts. Table 2 Comparison of the main constituents of F-2 and D-2. Table 1 Comparison of the main constituents of fractions F-2, D-2, and D-3. Fig. 3 Investigation of the important odor constituents of dried patchouli leaves. Table 3 Comparison of the main constituents of F-2 and D-3.
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tracts to investigate the reason for the difference in the odors between the hexane extract and the steam distillate. There was no clear difference in odor constituents after heating the hexane extract at 100 for 1 day. This result indicates that the odor constituents were altered in the plant material itself. We speculate that enzymes or enzymes and boiling water may cause the change of the relative percentage of the odor constituents. Five constituents 1-5 were obtained in both the drying and dried steam-distillation processes, but the percentages of the constituents in the extracts were different Fig. 4 . This result indicates that these compounds are important for the aroma profile of patchouli.
CONCLUSION
The important odor constituents of dried patchouli leaves and patchouli essential oil were identified by comparing the effects of the drying and steam distillation pro- Fig. 4 Important odor constituents of dried patchouli leaves and patchouli essential oil. Table 4 Important odor constituents of fresh and dried patchouli leaves.
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